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Biomass − open loop  
Biomass − closed loop
Ethanol − open loop  
Ethanol − closed loop

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Acetate − open loop   
Acetate − closed loop 
Acetald. − open loop  
Acetald. − closed loop
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RQ − open loop  
RQ − closed loop
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qO2 − open loop   
qO2 − closed loop 
Ethanol − open loop  
Ethanol − closed loop
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xATP − open loop  
Y
xATP − closed loop
Y
xATP − model      
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Steady−state data
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Biomass est. excl acids
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Biomass est. excl acids











C/. "+,ﬀﬃﬂ,&&£'+,('ﬁ()!#*ﬂ! "+,(dﬂ(EA'&!! 1ﬀﬃﬂ'&©E34%#! 1(%5MﬂKE%'ﬁ#@ﬂ,& 1(ﬃﬁ!ﬂ(+,:
'+,('ﬁ()!#*ﬂ! "+,(N-#+,ﬀ y3H ﬂﬃ+ ﬂ3H1UV5#"P:f$%#+E34ﬁ+I&!*ﬂ9W9H XO[/:1 1(ZE3#!=dC.ﬁ 15I)Af1* 	 W
&*ﬂﬀ7$%:"'&Vﬂ#Z'+,ﬀ7$ﬂ#'ENC 1!ﬂ(G'&!! 1ﬀﬃﬂM-#+,ﬀ !Aﬂ:1YIﬂ:1 £ﬂ,E%E3 1! "+,(G#*ﬂdfC 1!
ﬂ(EMC 1!+,4%^*ﬂY 1(%5_$%#+E34ﬁ! "+,(Aﬂ(EM'+,(&!4%ﬀ7$%! "+,(A+-Tﬂ,'ﬁ*ﬂ. 1()+Kﬂ,''+,4%()9W^ﬂ(E























































































































































































Biomass est. excl acids
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Biomass est. excl acids
Biomass est. incl acids
OD−sensor
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